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Objectives: to determine the incidence of early complications following percutaneous transluminal angioplasty and to
describe their management and outcome.
Materials: five hundred and fifty consecutive patients undergoing angioplasty of 648 limbs, containing 1053 anatomical
segments during a two year period were reviewed retrospectively.
Results: early complications affected 109 segments (10%) in 92 limbs (14%) of 84 patients (15%). Of the 109 segments
affected by early complications, 106 (97%) were managed by endovascular techniques with surgery being required on only
three (3%) occasions. There were no deaths attributable to angioplasty.
Conclusions: although early complications occur in 14% of limbs undergoing percutaneous transfemoral angioplasty, the
majority (97%) can be managed by endovascular techniques.
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The published complication rates following percutan-
eous treatment of peripheral arterial disease (PAD)
vary considerably.1±4 Increasing experience and the
availability of new catheters and guidewires has
made it possible to treat increasingly complex lesions,
often associated with increased procedural times. This
study reviews and discusses the management of early
complications arising from percutaneous transluminal
angioplasty (PTA) performed in a single unit over a
2 year period. Both radiologists involved in treating
these lesions used subintimal and/or intraluminal
techniques. In general, subintimal angioplasty was
used for occlusions and intraluminal angioplasty was
used for stenoses.
Materials and Methods
A retrospective case note review was undertaken on
all patients undergoing technically successful PTA
over a 24-month period in a single, tertiary referral,
teaching hospital. Technical failures due to inability toPlease address all correspondence to: N. J. M. London, Department
of Surgery, Clinical Sciences Building, Leicester Royal Infirmary,
Leicester LE2 7LX, U.K.
1078±5884/03/020125 06 $35.00/0 # 2003 Elsevier Science Ltd. Algain arterial access or to establish a lumen following
angioplasty were not included. Colour duplex ultra-
sound scanning was used to select patients for PTA.
Lesions were classified according to the anatomical
segment involved, (iliac, superficial femoral (SFA),
popliteal and infragenicular arteries). If two separate
anatomical segments were angioplastied during the
same procedure they were recorded as two separate
treated segments.
Balloon angioplasties were successfully completed
in 1053 segments in 648 limbs in 550 patients
(338 males, 212 females). Bilateral procedures
were performed in 98 (18%) patients. Three hundred
and fifty-five limbs (54%) had a single segment
angioplastied, 186 (29%) had two segments angio-
plastied, 102 (16%) limbs had three segments
angioplastied and five limbs (1%) had four segments
angioplastied. The segments angioplastied were 193
iliac, 483 superficial femoral, 181 popliteal and 196
infrapopliteal. There were 528 (50%) subintimal angio-
plasties and 525 (50%) intraluminal angioplasties. The
indication for PTA was claudication in 396 (72%), crit-
ical ischaemia in 148 (27%) and not recorded in 6 (1%).
One hundred and fifty-eight (29%) patients were older
than 80 years of age.
All of the procedures were performed under local
anaesthesia in a dedicated vascular angiography suite
by one of two vascular interventional radiologistsl rights reserved.
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described previously.5±9 Lesions below the inguinal
ligament were treated by an ipsilateral antegrade
approach, whilst the majority of iliac lesions were
treated using an ipsilateral retrograde approach. One
radiologist (AB) did not routinely use an introducer
sheath whilst the other (GF) used a sheath between 5
and 7F (Cordis Europe, Roden, The Netherlands).
Vasodilators were used to prevent arterial spasm and
patients received 3000±5000 Iu of intra-arterial heparin
immediately prior to angioplasty. No patient in this
study wastreated with an endovascular stent or
thrombolysis.
The medical records of all patients were scrutinised
for the occurrence of complications. We have reported
the complications as recommended by the Transatlantic
Intersociety Consensus (TASC) document on periph-
eral arterial disease.10,11 Early complications were
defined as those occurring at the time of the interven-
tion or those detected within the first 24 h of the pro-
cedure. Haematomas were included as complications
if the patient's discharge was delayed by the presence
of a haematoma, or blood transfusion or surgical inter-
vention was required. Minor haematomas were not
recorded as complications10 nor was small vessel
spasm considered a complication. Vessel dissection
has not been recorded as a complication as this is the
basis for subintimal angioplasty.Fig. 1. Superficial femoral artery and popliteal artery occlusion (A). F
which was treated by coil embolisation (C, D). The balloon was inflat
final result is shown in (F) with the arrow pointing to the coil.
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closure of a successfully created transluminal or
subintimal channel. Peripheral embolisation was
defined as angiographically proven new occlusion of
a vessel distal to the site of angioplasty. Perforation of
the vessel wall or vessel rupture was defined as a
breech in the vessel wall resulting in extravasation
into the surrounding tissues. Hypotension was con-
sidered a complication if the systolic pressure fell
below 90 mmHg and intervention was required.
Perforation can either be self-limiting or require
treatment. Perforation during an attempt to create
a subintimal dissection was dealt with by coil emboli-
sation.12 The coils used were MREYE-embolisation
coils (Cook). In the case of SFA/popliteal perforations
35-5-5 coils were delivered via a catheter using an
ordinary guide wire (straight tip, 180 cm long,
0.035 inch diameter, Boston Scientific), whereas for
infragenicular perforations 35-3-3 coils were used
(Fig. 1). Following treatment of the perforation
the procedure either continued or the patient
was brought back on another day for a further attempt
at PTA.
Vessel rupture was managed by re-inflation of the
balloon to occlude flow, patient resuscitation and in
the case of iliac rupture (Fig. 2) a covered stent is
positioned (Wallgraft endoprosthesis, 8-12F, Boston
Scientific).ollowing subintimal angioplasty a perforation (arrow) occurred (B),
ed after coil embolisation to tamponade the perforation site (E). The
Fig. 2. Occlusion of external iliac artery (A). Arterial rupture after
attempted angioplasty (B). Although a covered stent was posi-
tioned, surgical intervention was required.
Fig. 3. Occlusion of superficial femoral artery with popliteal artery
stenosis and single vessel run-off anterior tibial (A). After the percu-
taneous transfemoral angioplasty an embolus had lodged in the
below knee popliteal artery (B). This was successfully treated by
aspiration (C).
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and a 5F to 8F straight catheter (polyethylene straight,
100 cm length, Cook). A Terumo (Terumo corporation)
guidewire is passed across the proximal angioplasty
site and a catheter advanced to the proximal embolus.
The guidewire is removed and the catheter pushed
into the embolus whilst applying suction with a
50 ml Luer lock syringe. Small emboli are aspirated
through the catheter whereas larger emboli are sucked
onto the catheter tip and withdrawn into the sheath
(Fig. 3). Alternatively, emboli were pushed into
a non-dominant vessel ± `` push and park''.13 The prin-
ciple behind `` push and park'' is that if there is more
than one run-off vessel or a suitable run-off
vessel stump, the embolus is sucked onto the catheter
tip and advanced into the chosen redundant vessel
or stump. Another technique for the management of
emboli is moulding the embolus into the lining of the
vessel with an angioplasty balloon (Fig. 4).
The techniques used to try and prevent haemato-
mas included manual pressure applied through a
gauze swab followed if necessary by a Colapinto
compression device (Cook). Because of the risk of a
retroperitoneal bleed, whenever a high puncture was
performed, a group and save sample was taken at the
time of the procedure, along with a haemoglobin esti-
mation. Clearly, in the presence of a deterioratingcondition despite conservative management, open
surgery may be required.
Statistical analysis
Categorical data were analysed by chi-squared analy-
sis and statistical significance was assumed if the
p value was equal to or less than 0.05.
Results
Early complications (Table 1) occurred in 109 seg-
ments (10%), 92 limbs (14%) and 84 patients (15%).
There were no early deaths, myocardial infarctions or
strokes. A single patient (0.2%) developed a haem-
atoma, this was retroperitoneal and required a blood
transfusion that delayed hospital discharge. A total of
15 (2%) segments that had undergone PTA for occlu-
sion re-occluded immediately after angioplasty. All of
these 15 limbs returned to their pre-angioplastyEur J Vasc Endovasc Surg Vol 25, February 2003
Fig. 4. A tight superficial femoral artery stenosis (A) was treated by subintimal angioplasty that was complicated by thrombus (B, arrow).
This could not be aspirated and was therefore moulded into the arterial wall using prolonged balloon inflation (C). The final result was
satisfactory (D).
Table 1. Complications of angioplasty that affected arterial segments.
Type of complication Total number of
segments angioplastied
Subintimal
angioplasty
Intraluminal
angioplasty
n 1053 n 528 n 525
Thrombosis/reocclusion 15 11 4
Embolism requiring aspiration 38 33 5
Embolism pushed and parked 5 5 0
Embolism moulded into the
vessel wall
2 1 1
Embolism requiring surgery 2 2 0
Self limiting perforation 26 24 2
Coil embolised perforation 19 15 4
Haematoma 1 1 0
Vessel rupture 1 1 0
Total 109 93 16
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Angioplasty Complications 129clinical status and suffered no adverse clinical seque-
lae. Peripheral embolisation arose from 47 (4.5%)
arterial segments. Thirty-eight emboli were aspirated,
five were managed by the `` push and park'' technique,
two were compressed against the vessel wall and two
required surgical embolectomy (see below). Forty-five
(4%) arterial segments were perforated, of which 26
were self-limiting and 19 required treatment by coil
embolisation. The indications for coil embolisation
were large defects that made it impossible to initiate
a new dissection and/or a large defect that led to
rapid extravasation of contrast into the tissues. There
was a single vessel rupture that was dealt with initially
in the angiogram suite with a covered stent and
then required surgery. Three patients suffered hypo-
tension that was managed by fluid infusion. In total
therefore, of the 109 early complications that affected
arterial segments, 106 (97%) were managed by endo-
vascular techniques, with surgery being required on
only three occasions (3% of complications, 0.5% of all
patients). The surgical interventions were:
(1) A 90-year-old female underwent a subintimal
angioplasty of a superficial femoral artery occlu-
sion. The completion angiogram demonstrated an
embolic occlusion of the distal popliteal artery. This
could not be removed via an embolectomy catheter
and required open popliteal embolectomy.
(2) Following external iliac subintimal angioplasty of
an occlusion in a 70-year-old male there was an
embolic occlusion of the profunda femoris artery
(the SFA was occluded along its whole length).
The embolus could not be aspirated and an open
profunda femoris embolectomy was performed.
(3) Following subintimal angioplasty of an external
iliac artery occlusion in a 63-year-old female, the
external iliac artery ruptured following balloon
inflation. This was treated with a covered stent but
following deployment it was not possible to remove
the delivery device because it became entangled in
the expanded stent. The patient was therefore
transferred to the operating theatre, the device
was removed and the external iliac artery ligated.
There was no significant difference in the complica-
tion rates in patients aged 80 years and over (22/158;
14%) and those aged less than 80 years (62/392; 16%,
p 0.67). Fifty of the 396 (13%) patients treated for
claudication experienced a complication, whereas 34
of 148 (23%) patients treated for critical ischaemia
suffered a complication). This difference was highly
significant, p5 0.005. There were 93 complications
amongst the 528 (18%) subintimal angioplasties and
16 complications amongst the 525 (3%) intraluminal
angioplasties (p5 0.0001).Discussion
The published complication rates associated with lower
limb angioplasty vary between 3 and 33%.1±4 The
majority of complications are minor and self-limiting.
However, most studies report that between 2 and 3%
of all patients undergoing lower limb angioplasty
require surgical intervention. Becker et al. reviewed
the complications of 4662 limb angioplasty procedures
and found that major complications occurred in 5.6%
with 2.5% requiring surgery and limb loss occurring
in 0.2% with an overall mortality of 0.2%.14 In a
prospective study, Matsi and Mannineu found a
complication rate of 10.5% with 2% requiring surgery.15
The reported complication rates after lower limb
angioplasty will depend on a number of factors
including the nature and number of lesions angioplas-
tied. Interestingly, we did not find that age itself was a
risk for complications with the complication rate in
those less than 80 years of age being very similar to
that in those over 80 years of age. We did, however,
find that critical ischaemia significantly increased the
likelihood of a complication. This is because limbs
with critical ischaemia tend to have multi-level and
distal disease and also the radiologist tends to be
slightly more `` aggressive'' when dealing with a
patient with critical ischaemia because treatment fail-
ure may result in limb loss. Conversely, limbs with
claudication tend to have single level disease and the
radiologist is less likely to treat infragenicular disease.
We did find that the complication rate amongst
subintimal angioplasties was significantly greater
than conventional intraluminal angioplasty. We sug-
gest that this is because the majority of intraluminal
angioplasties were performed for stenoses whereas
the majority of subintimal angioplasties were per-
formed for occlusions.16 Overall, in the present series,
14% of limbs suffered an early complication, this is
very much in keeping with published complication
rates. It is important to note, however, that the major-
ity of these complications (97%) were managed by
endovascular techniques with surgery being required
in only 0.5% of all patients. This surgical intervention
rate is much lower than in previously published stu-
dies and serves to illustrate that recent advances in
interventional radiology have not only made it pos-
sible to treat more complex and distal lesions, but
have also greatly improved the endovascular manage-
ment of any complications that might arise.
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